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PROJECTION DEVICE HAVING ROTATION
LOCK MECHANISM AND PROJECTION
LENS HAVING ROTATION LOCK
MECHANISM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/IP2019/037101 filed on 20 Sep. 2019,

which claims priority under 35 U.S.C § 119(a) to Japanese

Patent Application No. 2018-178126 filed on 21 Sep. 2018.
The above application 1s hereby expressly incorporated by
reference, 1n 1ts entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection device and a
projection lens.

2. Description of the Related Art

In recent years, a projection device on which an 1image
forming panel, such as a liqud crystal display element or a
digital micromirror device (DMD) element, 1s mounted has
become widespread and has been improved 1n performance.

JP2016-156986A (corresponding to US2016/246037A1)
discloses a liquid crystal projection device that 1rradiates a
transmission type liquid crystal panel with light emitted
from a light source and projects an 1mage displayed on the
liquid crystal panel onto a screen by a projection lens.

A liquid crystal projection device disclosed in JP2012-
098506A comprises a projection lens that comprises two
reflecting members for bending an optical axis, bends lumi-
nous flux, which 1s emitted from a liquid crystal panel
illuminated by a light source, m a U shape by the two
reflecting members, and projects the luminous flux onto a
screen. The U-shaped projection lens can cause the projec-
tion device main body to be compact and cause the entire
projection device system, which includes the projection
device and the screen, to be compact.

SUMMARY OF THE INVENTION

The invention has been made in consideration of the
above-mentioned background, and an object of the invention
1s to provide a projection device and a projection lens having
high convenience.

In order to achieve the object, a projection device accord-
ing to an embodiment comprises: an electro-optical element;
a drive housing that stores the electro-optical element and
includes a central portion and a protruding portion protrud-
ing from the central portion; a recessed portion; a projection
lens that 1s disposed 1n the recessed portion, projects light
applied from the electro-optical element onto a projection
target, and includes a first rotation mechanism; and fans that
are disposed 1n the drive housing and draw 1n or discharge
gas. The recessed portion and the protruding portion are
adjacent to each other 1n a first direction, the projection lens
1s provided so as to extend to the recessed portion from the
drive housing in a second direction crossing the first direc-
tion, the central portion includes a first A side surface that 1s
provided 1n a first A direction corresponding to one side in
the first direction and a second A side surface that 1s
provided 1n a first B direction corresponding to the other side
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2

in the first direction, the protruding portion includes a first
B side surface in the first A direction and includes a second
B side surface, which faces the projection lens, 1n the first B
direction, and the fans face the second A side surface and the
second B side surface.

Alternatively, 1t 1s preferable that a projection device
according to an embodiment 1s a projection device compris-
ing: an electro-optical element; a drive housing that stores
the electro-optical element; a recessed portion; a projection
lens that 1s disposed 1n the recessed portion, projects light
applied from the electro-optical element onto a projection
target, and includes a first rotation mechanism; and a first
lock unit that 1s provided on the projection lens and switches
a state of the first rotation mechanism between rotatable and
not rotatable.

Alternatively, 1t 1s preferable that a projection device
according to an embodiment 1s a projection device compris-
ing: an electro-optical element; a drive housing that stores
the electro-optical element and includes a central portion
and a protruding portion protruding from the central portion;
a recessed portion; a projection lens that 1s disposed 1n the
recessed portion, projects light applied from the electro-
optical element onto a projection target, and includes a first
rotation mechanism; and three foot portions that are pro-
vided on a bottom of the drive housing, and the recessed
portion and the protruding portion are adjacent to each other
in a first direction, the projection lens 1s provided so as to
extend to the recessed portion from the drive housing 1n a
second direction crossing the first direction, and one of the
foot portions 1s provided on the bottom of the protruding
portion and two of the foot portions are provided on the
bottom of the central portion.

Alternatively, 1t 1s preferable that a projection device
according to an embodiment 1s a projection device compris-
ing: an electro-optical element; a drive housing that stores
the electro-optical element and includes a central portion
and a protruding portion protruding from the central portion;
a recessed portion; a projection lens that 1s disposed 1n the
recessed portion, projects light applied from the electro-
optical element onto a projection target, and includes a first
rotation mechanism and a second rotation mechanism: and
an 1nsertion opening that 1s provided in the drive housing
and 1s connected to an external power source or an external
device, and the recessed portion and the protruding portion
are adjacent to each other 1n a first direction, the projection
lens 1s provided so as to extend to the recessed portion from
the drive housing in a second direction crossing the first
direction, the central portion includes a first A side surface
that 1s provided 1n a first A direction corresponding to one
side 1n the first direction and a second A side surface that 1s
provided 1n a first B direction corresponding to the other side
in the first direction, the protruding portion includes a first
B side surface in the first A direction and includes a second
B side surface, which faces the projection lens, in the first B
direction, and the insertion opening i1s provided on the
second A side surface, the first A side surface, or the first B
side surface.

A projection lens according to this embodiment com-
prises: an incident portion on which light 1s 1ncident 1n a
second direction; a first optical axis bending member that
bends light emitted from the incident portion i a third
direction crossing the second direction; a second optical axis
bending member that bends light emitted from the first
optical axis bending member 1n the second direction; a first
intermediate optical system and a second intermediate opti-
cal system that are provided between the first optical axis
bending member and the second optical axis bending mem-
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ber on an optical path; and a second rotation mechanism that
includes the second intermediate optical system and does not
include the first intermediate optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing the storage state of a
projection device according to an embodiment of the inven-
tion that 1s viewed from a surface side.

FIG. 2 1s a plan view showing the storage state of the
projection device according to the embodiment of the inven-
tion that 1s viewed from a bottom side.

FIG. 3 1s a plan view of a main part of the projection
device.

FIG. 4 1s a plan view of a main part of the projection
device.

FIG. 5 1s a diagram of a first side surface showing the
storage state of the projection device.

FIG. 6 1s a diagram of a second side surface showing the
storage state of the projection device.

FIG. 7 1s a diagram of the first side surface of the
projection device 1 a case where the projection lens 1s
removed.

FIG. 8 1s a diagram of a third side surface showing the
storage state of the projection device.

FIG. 9 1s a diagram of a fourth side surface showing the
storage state of the projection device.

FIG. 10 1s a perspective view showing the storage state of
the projection device.

FIG. 11 1s a plan view showing the use state of the
projection device that 1s viewed from the surface side.

FIG. 12 1s a diagram of the fourth side surface showing
the use state of the projection device.

FI1G. 13 1s a diagram of the third side surface showing the
use state of the projection device.

FI1G. 14 1s a diagram of the first side surface showing the
storage state of the projection device.

FIG. 15 1s a diagram of the second side surface showing
the storage state of the projection device.

FIG. 16 1s a cross-sectional view of a main part of the
projection lens.

FI1G. 17 1s a perspective view showing the use state of the
projection device.

FIG. 18 1s a perspective view showing the use state of the
projection device.

FIG. 19 1s a perspective view showing the use state of the
projection device.

FIG. 20 1s a perspective view showing the use state of the
projection device.

FIG. 21 1s a perspective view showing the use state of the
projection device.

FI1G. 22 15 a perspective view showing the use state of the
projection device.

FIG. 23 15 a perspective view showing the use state of the
projection device.

FI1G. 24 15 a perspective view showing the use state of the
projection device.

FI1G. 235 15 a perspective view showing the use state of the
projection device.

FIG. 26 15 a perspective view showing the use state of the
projection device.

FI1G. 27 1s a perspective view showing the use state of the
projection device.
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4
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

<Projection Device Main Body>

FIG. 1 1s a plan view of a projection device 2 that 1s
viewed from a top surface 35A side. As shown 1n FIG. 1, the
projection device 2 according to this embodiment comprises
a projection lens 10 and a drive housing 35 that 1s a
projection device main body. The drive housing 35 com-
prises a top surface 35A, a bottom surface 33B, a first side
surface 55C, a second side surface 55D, a third side surface
S5E, and a fourth side surface S55F. Further, the drive
housing 55 includes a retracting portion 91 so as to corre-
spond to the degree of protrusion of an emission lens 36
positioned at the distal end of the projection lens 10.
Furthermore, the projection device 2 mainly consists of
three portions, that 1s, a recessed portion 94 and a protruding
portion 95 and a central portion 96 of the substantially
L-shaped drive housing 55. The projection lens 10 1s pro-
vided so as to extend to the recessed portion 94 from the
central portion 96 (a part of the drive housing 33) 1n a second
direction Y. Further, the recessed portion 94 can store the
projection lens 10. Furthermore, the drive housing 335
includes the protruding portion 95 corresponding to the
recessed portion 94. The recessed portion 94 and the pro-
truding portion 95 are adjacent to each other in a first
direction X.

FIG. 2 1s a plan view of the projection device 2 that 1s
viewed from the bottom surface 535B side. The bottom
surface 35B includes three foot portions 81, one foot portion
81 i1s disposed on the protruding portion 935, and two foot
portions 81 are disposed on the central portion 96. The
second side surface 55D includes a second A side surface
55D1 1n a second A direction Y1 corresponding to one side
in the second direction Y, and includes a second B side
surface 55D2 1n a second B direction Y2 corresponding to
the other side 1n the second direction Y. The foot portion 81
disposed on the protruding portion 95 1s disposed at a corner
corresponding to the second B side surface 55D2 and the
fourth side surface 53F. Further, the two foot portions 81
disposed on the central portion 96 are disposed at the corners
of the third side surface 55E. More specifically, on the
bottom surface 55B, one foot portion 81 1s disposed at a
corner provided 1n a first A direction X1 corresponding to
one side 1n the first direction X and one foot portion 81 1s
disposed at a corner provided 1n a first B direction X2
corresponding to the other side 1n the first direction X.

These three foot portions 81 are arranged 1n a triangular
shape and the projection device 2 1s supported by a surface
formed by these three foot portions 81. Since the drive
housing 55 of the invention has a substantially L shape, 1t 1s
preferable that the foot portion 81 1s disposed on the fourth
side surface 55F side at a position close to the projection lens
10 as much as possible. On the other hand, 1t 1s preferable
that the foot portion 81 1s not disposed at a corner positioned
on the side in the first B direction X2 among the corners of
the protruding portion 95. A stable support surface can be
formed by the three foot portions 81, and there 1s a concern
that the inclination and shake of the projection device may
be caused 1n a case where the foot portions 81 are too close
to each other. Each foot portion 81 may also be adapted so
that a distance by which each foot portion 81 protrudes from
the bottom surface 35B can be adjusted.

FIG. 3 1s a plan view showing a main part of the
projection device 2. The projection device 2 comprises a
light source module 63 and a heat sink 68 that are provided
in the protruding portion 95. The light source module 63
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drives a laser element serving as a light source 64, and the
heat sink 68 cools the light source module. Further, the
projection device 2 includes a phosphor wheel 65 that
converts the color of light of the laser element, a color filter
wheel 66, a light pipe 69 that guides light, a relay lens 72,
a condenser lens 73, and a plurality of mirror members 67.
After passing through the respective optical members, laser
light passes through a total internal retlector (TIR) prism 71.
Then, a part of the laser light 1s reflected by a DMD element
74 serving as an electro-optical element and the 1nside of the
projection lens 10 1s wrradiated with the retlected laser light.
The projection lens 10 displays a projected image on a
projection target. The color of the laser light 1s not particu-
larly limited. In a case where a user wants to form a light
source using a one-color light source, 1t 1s preferable that the
light source 1s formed of a blue light source and green light
and red light are generated through conversion using blue
light and a phosphor. Further, the mirror member 67 may be
either a member that specularly reflects light or a member
that totally reflects light.

The laser element 1s an example of the light source 64.
However, the light source 64 1s not limited thereto, and may
be a light-emitting diode element, such as an LED. Further,
a red light source, a blue light source, and a green light
source may be prepared as the light source. Furthermore, the
projection device 2 may directly project light from an
clectro-optical element, such as a display panel, such as an
organic EL panel or a LED panel, as in a head-up display
without using a light source. Moreover, the DMD element
74 1s an example of the electro-optical element. However,
the electro-optical element 1s not limited thereto, and a liquid
crystal panel transmitting a part of light emitted from the
light source may be used as the electro-optical element. In
this case, not the TIR prism 71 but a dichroic prism may be
used.

As long as the heat sink 68 1s made of metal, such as
aluminum or copper, so as to have a large surface area, the
shape of the heat sink 68 1s not particularly limited. For
example, the shape of a heat sink including a plurality of fins
as shown 1n FIG. 3 1s generally used. The shape of the heat

sink 68 1s disclosed 1n, for example, US2015/0029470A1,
US2006/0176453A1, US2011/0261033A1, and JP2018-
031936A.

In FIG. 3, a power cable 76 1s inserted into the second side
surface 55D and power from the outside i1s supplied to a
drive circuit 75. The drive circuit 75 includes a controller
that controls the operation of the projection device 2, an
image processing unit that forms an image having three
colors of R, GG, and B using an electro-optical element, and
the like. The drive circuit 75 1s disposed not to overlap with
the mirror 67, the TIR prism 71, and the DMD element 74,
but the disposition of the drwe circuit 75 1s not hmlted
thereto. The drive circuit 75 may be disposed so as to
overlap with the respective optical members. The details of
an 1nsertion opening for the power cable will be described 1n
a case where the description of FIG. 10 will be made.

As shown 1 FIG. 4, the projection device 2 includes an
exhaust port 83 on the first side surface 55C side and
includes an intake port 82 on the second side surface 55D
side. In more detail, a first intake port 82 A 1s disposed on the
second A side surface 55D1 and a second 1ntake port 82B 1s
disposed on the second B side surface 55D2 of the protrud-
ing portion 95. Accordingly, first fans and second fans are
disposed so as to correspond to the intake or exhaust port 82
or 83. The second B side surface 35D2 faces the projection
lens 10, but an intake port or an exhaust port 1s also formed
on the second B side surface 35D2 to improve the cooling
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elliciency of the projection device 2. In FIG. 4, the first fan
corresponds to an intake fan 92 and the second fan corre-
sponds to an exhaust fan 93. The intake fans 92 and the
exhaust fans 93 are arranged. More intake fans 92 are
arranged 1n the first intake port 82 A than 1n the second intake

port 82B.

Arrows shown 1n FIG. 4 indicate the flow of wind. Since
the intake or exhaust port 82 or 83 described in this
embodiment are disposed, wind can be directly and suil-
ciently applied to the light source module 63, the light
source 64, and the heat sink 68 provided in the protruding
portion 95 as shown by the arrows. Accordingly, the pro-
Jectlon device 2 can cool these members with high efl-
ciency. An intake port may be disposed on a first B side
surface 55C2 of the protruding portion 935, and an exhaust
port may be disposed on the second B side surface 55D2.
Since wind having heat 1s applied to the projection lens 10
from the exhaust port 1n the case of this configuration, there
1s a concern that the degradation of the members of the
projection lens 10 may be caused. Accordingly, 1t 1s most
preferable that the intake port and the exhaust port are
disposed as shown in FIG. 4.

The details of the intake or exhaust port 82 or 83 will be
described with reference to FIGS. 5, 6, and 7. FIG. 5 1s a side
view of the projection device 2 that 1s viewed from the first
side surface 35C side. In the projection device 2, an exhaust
port 83 1s integrally formed on the first A side surface 55C1
and the first B side surface 55C2. Since the exhaust port 83
1s integrally formed so as to have a large size unlike the
intake port 82 to be described later, the exhaust port 83 has
high exhaust efliciency. In the projection device 2, the
exhaust port 83 1s formed to be larger than the intake port 82
as described above.

FIG. 6 1s a side view of the projection device 2 that 1s
viewed from the second side surface 35D side. In the
projection device 2, the first intake port 82 A 1s formed on the
second A side surface 53D1. Further, a power cable port 54
(an example of an msertion opeming) for the power cable and
a video cable port 32 (an example of an nsertion opening)
for a video cable are formed on the second A side surface
535D1. A video cable connects the projection device 2 to an
external device, such as a personal computer outputting
video signals. For example, an HDMI (registered trademark)
cable, a DVI cable, and a VGA cable can be used as the type
of the video cable. FIG. 7 1s a diagram where the projection
lens 10 1s separated from FIG. 6. The second B side surface
55D2 1s provided with the second intake port 82B as
described above.

FIG. 8 1s a side view of the projection device 2 that 1s
viewed from the fourth side surface 55F side. As shown in
FIG. 8, operation switches 51 used to perform user’s opera-
tions, such as the adjustment of the quality of an 1image, the
keystone correction of an image, and the ON and OFF of a
power source, are formed on the fourth side surface 55F. A
first lock switch 90A (an example of a first lock unit) and a
second lock switch 90B (an example of a second lock unit),
which switch the state of the rotation mechanism of the
projection lens 10 between rotatable and not rotatable, are
formed on the surface of the projection lens 10. The details
of the switches will be described later. Further, the projec-
tion lens 10 1s rotated about a first rotation mechanism 88A,
which 1s disclosed 1n FIGS. 8 and 10, on a plane formed by
the first direction X and a third direction Z. More specifi-
cally, the projection lens 10 1s adapted to be rotatable 1n a
first rotation direction 84 and a second rotation direction 85.
The three foot portions 81 are formed on the bottom of the
projection device 2.
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FIG. 9 1s a side view of the projection device 2 that 1s
viewed from the third side surface 55E. As shown 1n FIG. 9,
external device cable ports 33 (an example of an 1nsertion
opening) and video cable ports 52 used to be connected to
external devices, such as USB memories and hard disk
drives, are formed on the third side surface S5E. On the other
hand, the power cable port 54 provided on the second side
surtace 55D 1s not formed on the third side surface 55E.

FIG. 10 1s a perspective view showing a state where the
projection lens 10 of the projection device 2 1s stored.
Further, FIG. 10 1s a diagram where the projection device 2
1s vertically placed with the third side surface 55E as a
bottom portion and with the fourth side surface 55F as an
upper portion. The length of the third side surface 55E 1n a
longitudinal direction 1s longer than the length of the first
side surface 55C (the total length of the first A side surface
55C1 and the first B side surface 55C2) 1 a longitudinal
direction. Accordingly, the third side surface 55E has a large
area and can be used as a bottom portion 1n a case where the
projection device 2 1s vertically placed. The projection lens
10 according to this embodiment comprises not only the first
rotation mechanism 88A but also a second rotation mecha-
nism 88B that 1s rotatable 1n a third rotation direction 86 and
a fourth rotation direction 87. Accordingly, even 1n a case
where the projection device 2 1s vertically placed, the
projection device 2 can project an image in all directions as
shown in FIGS. 17 to 27. Further, since the operation
switches 51 are positioned at the upper portion even in a case
where the projection device 2 1s vertically placed, a user
casily operates the operation switches 51.

The projection device 2 1s also assumed to be vertically
placed with the third side surface S5E as a bottom portion as
described above. That 1s, the power cable port 54 (an
example of an insertion opening) for the power cable 76
shown 1n FIG. 3 1s formed not on the third side surface 55E
but on the second side surface 55D. The reason for this 1s
that the power cable port 54 cannot be disposed on the third
side surface 55E used as a bottom portion since the power
cable 76 needs to be always mounted during the use of the
projection device 2. The projection device 2 shown in FIG.
10 can cope with both horizontal placement where the
projection device 2 1s placed with the bottom surface 55B as
a bottom portion and vertical placement where the projec-
tion device 2 1s placed with the third side surface 55E as a
bottom portion. The projection device 2 may include exter-
nal device cable ports 53 even on the second side surface
55D. The power cable port 54 may be formed on the first
side surface 55C. However, since the area of the intake or
exhaust port 82 or 83 is reduced 1n a case where the power
cable port 54 1s formed, 1t 1s preferable that the power cable
port 54 1s disposed on the intake port 82 side less important.

In the projection lens 10, a lens housing 89 1s disposed on
the distal end side of the second rotation mechanism 88B as
shown 1n FIG. 10. The lens housing 89 1s a housing that
covers a member provided between the emission lens 36 and
the second rotation mechanism 88B. In FIG. 16, the lens
housing 89 covers a second mirror 15 that 1s a second optical
axis bending member, and 1s rotatable about the axis of the
second rotation mechanism 88B on a plane formed by the
second direction Y and the third direction Z. Further, the
emission lens 36 can also be rotated as the lens housing 89
1s rotated. The lens housing 89 and the drive housing 35 are
formed of molded parts made of plastic or the like. Since the
corners of the lens housing 89 and the drive housing 55 have
a curved shape, it 1s easy for a user to grasp the lens housing
89 and the drive housing 35. For this reason, a user can rotate
the projection lens 10 in the first rotation direction 84 and the
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second rotation direction 85 (X-Z plane rotation) shown 1n
FIG. 8 while holding the lens housing 89 1n hand. Likewise,
a user can rotate the projection lens 10 1n the third rotation
direction 86 and the fourth rotation direction 87 (Y-Z plane
rotation) shown in FIG. 10 while holding the lens housing 89
in hand.

In addition, the corners of the lens housing 89 are curved
in the same shape as the corners of the drive housing 33 that
1s a main body. Further, the side surfaces of the lens housing
89 are flush with the fourth side surface 55F and the second
side surface 53D, and these surfaces are aligned with each
other. Accordingly, since the lens housing 89 1s combined
with the projection device 2 although the projection device
2 includes the recessed portion 94, the projection device 2
has a substantially quadrangular shape. Theretore, the pro-
jection device 2 has high designability and the convenience
ol portability.

Subsequently, lock units for the rotation mechanisms of
the projection lens 10 will be described. In FI1G. 10, the first
and second lock switches 90A and 90B as the lock units are
provided on the surface of a portion of the projection lens 10
positioned between the first and second rotation mechanisms
88A and 88B. The first lock switch 90A locks the rotation of
the first rotation mechanism 88A by being operated, and the
second lock switch 90B locks the rotation of the second
rotation mechanism 88B by being operated. The movement
of the projection lens 10 caused by some external factors
during the use of the projection device 2 can be prevented by
these lock switches. Further, a user can hold and carry the
projection lens 10 during the carrying of the projection
device 2.

The shapes of buttons of the first and second lock switches
90A and 90B are different from each other. The first lock
switch 90A has a circular shape so as to correspond to the
shape of the outer periphery of a member extending from the
first rotation mechanism 88 A. On the other hand, the second
lock switch 90B has a quadrangular shape so as to corre-
spond to the shape of the lens housing 89 adjacent to the
second rotation mechanism 88B. Since the types of the
shapes of the two switches are visually distinguished from
each other as described above, the convenience for a user 1s
improved.

The first and second lock switches 90A and 90B are
clectrically connected to the drive circuit 75 shown 1n FIG.
3 by connection wiring (not shown). Then, the projection
device 2 controls the mechanical mechanisms of the first and
second rotation mechanisms 88A and 88B using electric
power supplied from the drive circuit 75. The projection lens
10 according to this embodiment 1s rotated by the first and
second rotation mechanisms 88A and 88B, and the connec-
tion wiring of each lock switch also recerves a load caused
by rotation. Particularly, 1n a case where the respective lock
switches 90A and 90B are formed on the lens housing 89, the
connection wiring needs to be disposed 1n the projection lens
10 so as to withstand two-axis rotation.

This two-axis
rotation gives a large load to the material of the connection
wiring.

Accordingly, in FIG. 10, the first and second lock
switches 90A and 90B are provided on the surface of the
portion of the projection lens 10 positioned between the first
and second rotation mechanisms 88A and 88B. Accordingly,
the projection device 2 can achieve both the convenience for
a user and the stability of the connection wiring. A form
where the first and second rotation mechanisms 88A and
88B are electrically locked has been described, but each
rotation mechanism may be a lock unit using only a
mechanical structure without using electricity.
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Further, the first and second lock switches 90A and 90B
are disposed on the fourth side surface 55F side and are
provided on the same side as the operation switches 51. In
other words, the first and second lock switches 90A and 90B
and the operation switches 351 are arranged on the same
surface side 1n the projection device 2. Accordingly, a user
can visually recognize and operate the operation switches 51
and the first and second lock switches 90A and 90B only by
visually recognizing one surface side. Such a projection
device 2 1s lughly convenient for a user.

FIG. 11 1s a plan view showing the use state of the
projection device 2. FIG. 11 1s a diagram where the first
rotation mechanism 88A 1s rotated by an angle of 90° and the
second rotation mechanism 88B 1s rotated by an angle of 90°
from the storage state shown 1in FIG. 1. FIG. 12 1s a side
view showing the use state of the projection device 2. FIG.
12 1s a diagram where the first rotation mechanism 88A 1s
rotated by an angle of 90° and the second rotation mecha-

nism 88B 1s rotated by an angle of 90° from the storage state
shown 1n FIG. 8. Further, FIG. 12 1s also a side view of the

projection device 2 of FI1G. 11 that 1s viewed from the fourth
side surface 55F. FI1G. 13 1s a diagram where the first rotation
mechanism 88A 1s rotated by an angle of 90° and the second
rotation mechanism 88B 1s rotated by an angle of 90° from
the storage state shown in FIG. 9. Furthermore, FIG. 13 1s
also a side view of the projection device 2 of FIG. 11 that 1s
viewed from the third side surface 55E. As shown 1n FIGS.
11 to 13, the projection device 2 can change a direction
where a video 1s to be projected by the rotation of the
projection lens 10 about each of the rotation mechanisms
88A and 88B.

FIG. 14 1s a side view showing the use state of the
projection device 2 that 1s viewed from the first side surface
55C. FIG. 14 shows a state where the projection device 2
shown 1 FIG. 11 1s vertically placed with the third side
surface 53FE as a bottom portion. FIG. 15 1s a side view
showing the use state of the projection device 2 that 1s
viewed from the second side surface 55D. Likewise, FIG. 15
shows a state where the projection device 2 shown m FIG.
11 1s vertically placed with the third side surface S5E as a
bottom portion. Since the projection device 2 includes the
power cable port 54 and the video cable port 52 on the side
surface as shown 1n FIG. 15, a trouble does not occur even
though the projection device 2 1s vertically placed.

<Projection Lens>

FIG. 16 1s a cross-sectional view of the projection lens 10
according to this embodiment. The lens housing 89 and the
first and second lock units 90A and 90B shown i FIG. 10
are omitted to describe the main part of the projection lens.
The projection lens 10 comprises a first optical system 11, a
second optical system 12, a third optical system 13, a first
mirror 14 as a first retlecting member, a second mirror 15 as
a second reflecting member, a first holding member 16, a
second holding member 17, and a third holding member 18.
The first to third holding members 16 to 18 form a lens barrel
19.

The first optical system 11 1s composed of a first lens 21
and a second lens 22. Each of the first and second lenses 21
and 22 1s shown as a single lens for the simplification of
drawings, but may be actually composed of a plurality of
lens groups. Light emitted by the DMD element 74 (an
example of an electro-optical element) 1s incident on an
incident portion 21 A in the second direction Y. Then, lumi-
nous tlux from the mcident portion 21A 1s incident on the
first optical system 11 and the first optical system 11 guides
the luminous flux to the projection target. In this embodi-
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ment, the first optical system 11 forms an 1image, which 1s
formed by the DMD element 74, on an image forming plane
23 as an intermediate 1mage.

The first holding member 16 mtegrally holds the first
optical system 11. The first holding member 16 includes a
first main body part 24, a first lens frame 235, and a first
mounting tube 26. The first lens frame 25 holds the first lens
21. The first main body part 24 includes a mounting portion
27 and a mounting flange 28, and holds the first lens frame
235 at the center thereof. The mounting portion 27 1s inserted
into an mnsertion hole 60A provided 1n the drive housing 55.

The 1nsertion hole 60A 1s a through-hole that 1s opened to
the 1inside of the drive housing 35. The first holding member
16 1s inserted up to a position where the mounting flange 28
1s 1n contact with a mounting surface 60B in a state where
the mounting portion 27 1s mserted into the insertion hole
60A. Then, the mounting flange 28 1s fixed to the dnive
housing 55 by, for example, screwing. The first holding
member 16 mounted on the drive housing 55 1s inserted up
to a position where the incident portion 21A of the first lens
21 (an example of the distal end face of the DMD element
74) 1s disposed inside the drive housing 55.

The first mounting tube 26 1s connected to the first main
body part 24 and holds the second lens 22 therein. The first
mounting tube 26 has a cylindrical shape, and the central
axis of the first mounting tube 26 coincides with an optical
axis CL1 of the first optical system 11. The second holding
member 17 1s mounted on the first mounting tube 26 as
described later.

The second holding member 17 holds the first mirror 14.
The second holding member 17 includes a second mounting
tube 29, a second main body part 31, and a third mounting
tube 32. The second mounting tube 29 has a cylindrical
shape, and 1s 1nserted so that the inner peripheral surface of
the second mounting tube 29 1s rotatable on the outer
peripheral surface of the first mounting tube 26. The second
holding member 17, the 1nsertion hole 60A, and the mount-
ing surface 60B form the first rotation mechanism 88A
shown 1n FIG. 10. Further, the second holding member 17 1s
supported so as to be rotatable about the optical axis CL1 of
the first optical system 11 together with the first mirror 14,
the third holding member 18 to be described later, the second
optical system 12, the third optical system 13, and the
second mirror 15 by the first rotation mechanism 88A. A
stopper (not shown) 1s provided between the first mounting
tube 26 and the second mounting tube 29, and prevents the
second mounting tube 29 from being separated from the first
mounting tube 26 1n a direction parallel to the optical axis
CL1.

The second main body part 31 1s connected to the second
mounting tube 29 by a fixing umt, such as screws. The
second main body part 31 1s formed of a square tube having
the shape of a substantially rectangular parallelepiped. One
corner of a lower plate 31a of the second main body part 31
forms an 1nclined surface portion 315. The first mirror 14 1s
fixed to the inner surface of the inclined surface portion 315.

The first mirror 14 1s disposed between the first optical
system 11 and the 1mage forming plane 23 for an interme-
diate 1image that 1s formed by the first optical system 11. The
first mirror 14 bends the optical axis CL1 of the first optical
system 11, which extends in the second direction Y, by
reflection to form an optical axis CL2. In this embodiment,
the first mirror 14 bends the optical axis CL1 by an angle of
90° to form the optical axis CL2. Accordingly, the optical
axis CL2 extends in the third direction Z.

The third mounting tube 32 i1s fixed to the second main
body part 31 by, for example, a fixing unit, such as screws,
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and 1s disposed substantially orthogonal to the second
mounting tube 29 through the second main body part 31. The
third mounting tube 32 has a cylindrical shape, and the third
holding member 18 1s mounted on the third mounting tube
32.

The third holding member 18 integrally holds the second
optical system 12, the second mirror 15, and the third optical
system 13. The second optical system 12 1s composed of a
third lens 33 (first intermediate optical system) and a fourth
lens 34 (second intermediate optical system). A second lens
frame 38 holds the fourth lens 34. The third mounting tube
32, the second lens frame 38 of the third holding member 18,
and the like form the second rotation mechanism 88B shown
in FIG. 10.

The third lens 33 (first intermediate optical system) has a
diameter larger than the diameter of the fourth lens 34
(second 1intermediate optical system) that 1s rotated together
with the second lens frame 38. Further, the number of lenses
of the fourth lens 34 (second intermediate optical system) 1s
larger than that of the third lens 33 (first intermediate optical
system). In a case where the third lens 33 1s formed to have
a large size, the diameter of the fourth lens 34 composed of
a plurality of lenses can be reduced. Furthermore, since the
second lens frame 38 holds only the fourth lens 34, the size
of the lens frame can be reduced. Accordingly, the third
holding member 18 and the second optical system 12 have
a compact size. The third lens 33 (first intermediate optical
system) may be composed of only one lens or may be
composed of a plurality of lenses.

The third optical system 13 1s composed of a fifth lens 35
and an emission lens 36. Fach of the third lens 33 and the
emission lens 36 1s shown as a single lens for the simplifi-
cation of drawings, but may be actually composed of a
plurality of lens groups.

Luminous flux from the first optical system 11 1s incident
on the second optical system 12 and the second optical
system 12 guides the luminous flux to the projection target.
Luminous tlux from the second optical system 12 1s incident
on the third optical system 13 and the third optical system 13
guides the luminous flux to the projection target. In this
embodiment, the second and third optical systems 12 and 13
enlarge the intermediate 1mage, which 1s formed on the
image forming plane 23 by the first optical system 11, and
project the enlarged intermediate 1mage onto, for example,
a screen 37 that 1s the projection target. The first to third
optical systems 11 to 13 are described 1n, for example, “an
optical system for projection and a projection type display
device” disclosed 1 JP2016-156986A, JP2016-156983A
(corresponding to US2016/246034A1), and the like 1n
detail, and optical systems disclosed 1n JP2016-156986A
and JP2016-156983 A can be used as the first to third optical
systems 11 to 13.

The second mirror 15 1s disposed between the second and
third optical systems 12 and 13. The second mirror 135 bends
the optical axis CL2 by retlection to form an optical axis
CL3. In this embodiment, the second mirror 15 bends the
optical axis CL2 by an angle of 90° to form the optical axis
CL3.

In this embodiment, as described above, the incident-side
optical axis CL1 of the first optical system 11 1s reflected by
the first mirror 14, 1s bent by an angle of 90°, and forms the
emission-side optical axis CL2. Further, the incident-side
optical axis CL2 of the second optical system 12 i1s retlected
by the second mirror 15, 1s bent by an angle of 90°, and
forms the optical axis CL3 extending in the second direction
Y. For this reason, the optical axis CL3 1s substantially
parallel to the optical axis CLL1 1n a plane including the
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optical axes CL1 and CL2. That 1s, the projection lens 10
bends luminous flux, which is applied by the light source 64
shown 1n FIG. 3, in a substantially U shape by the first and
second mirrors 14 and 15 and projects the luminous flux
onto the projection target.

In addition, since the projection lens 10 has a substantially
U-shaped optical path as described above, the lens barrel 19
holding the first optical system 11, the second optical system
12, the first mirror 14, and the second mirror 15 1s a
substantially U-shaped lens barrel.

The third holding member 18 includes a second lens
frame 38, a third main body part 39 and a third lens frame
41. The second lens frame 38 has a cylindrical shape and
holds the second optical system 12, that 1s, the third lens 33
and the fourth lens 34. The outer peripheral surface of the
second lens frame 38 1s in contact with the mner peripheral
surface of the third mounting tube 32.

The third main body part 39 i1s connected to the second
lens frame 38. The third main body part 39 1s formed of a
square tube having the shape of a substantially rectangular
parallelepiped. One corner of an upper plate 39aq of the third
main body part 39 forms an inclined surface portion 395.
The second mirror 135 1s fixed to the inner surface of the
inclined surface portion 395.

The third optical system 13, that 1s, the fifth lens 35 and
the emission lens 36 are held by the third lens frame 41.
Further, a flange 414 1s formed on the incident-side end face
of the third lens frame 41. The flange 41a of the third lens
frame 41 1s fixed to the third main body part 39 by, for
example, a fixing unit, such as screws. Further, the third lens
frame 41 1s disposed substantially orthogonal to the second
lens frame 38 through the third main body part 39.

In this embodiment, the third lens 33 and the fourth lens
34 composing the second optical system 12 1s disposed
between the first and second mirrors 14 and 15. However,
the projection lens 10 may be adapted so that, for example,
lenses composing the second optical system 12 are not
disposed between the first and second mirrors 14 and 15.
Further, the first and second mirrors 14 and 15 are not
limited to mirrors that cause incident light to be specularly
reflected, and may be mirrors that cause incident light to be
totally reflected. Furthermore, a case where an optical path
in the lens has a substantially U shape has been described,
but the optical path 1s not limited to this shape. As shown in
FIGS. 17 to 27 to be described later, the optical path 1n the
lens may be an optical path having a shape other than a U
shape depending on the rotation of the first and second
rotation mechanisms 88A and 88B.

<Types of Use State of Projection Device>

FIG. 17 1s a perspective view showing a state where the
projection lens 10 of the projection device 2 1s used. Further,
FIG. 17 1s a diagram where the projection device 2 1is
vertically placed with the third side surface S5E as a bottom
portion and with the fourth side surface 55F as an upper
portion. As compared to FIG. 10, the projection lens 10 1s
rotated about the first rotation mechanism 88A by an angle
of 90° and 1s rotated about the second rotation mechanism
88B by an angle of 90°. Further, the emission lens 36 can
project a video 1n the first direction X through this rotation.

Since a user can change the state of the projection device
2 to the use state of FIG. 17 from the storage state of FIG.
10 only by grasping the lens housing 89 and moving the arm
and the wrist, the projection device 2 has high convenience
for a user. Further, the operation switches 51 and the first and
second lock switches 90A and 90B can be visually recognize
from above in a case where the projection device 2 1is
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vertically placed. Accordingly, the projection device 2 also
has high operability for a user.

FIGS. 18 to 27 show the types of a use state other than the
use state of FIG. 17. In a case where the rotation of the first
rotation mechanism 88A and the rotation of the second
rotation mechanism 88B are combined with each other as
described above, the projection lens 10 can project a video
in all directions. FIGS. 17 to 27 show cases where the
projection device 2 1s vertically placed. However, it goes
without saying that the projection lens 10 can project a video
in all directions even 1n a case where the state of the
projection device 2 i1s changed into a state where the
projection device 2 i1s horizontally placed with the bottom
surface 558 as a bottom portion.

A state where the projection device 2 1s disposed on a
table has been described in each embodiment, but the
invention can also be applied to a case where the projection
device 2 1s used while being suspended from a ceiling or the
like. Further, an example where an 1image 1s projected onto
the screen 37 has been described, but the projection target 1s
not limited to the screen 37 and a video can be projected onto
various projection targets.

EXPLANAITION OF REFERENC.

(L]
)

2: projection device

10: projection lens

11: first optical system

12: second optical system
13: thard optical system

14: first mirror

15: second mirror

16: first holding member
17: second holding member
18: third holding member
19: lens barrel

21: first lens

21A: mcident portion

22: second lens

23: image forming plane
24: first main body part

25: first lens frame

26: first mounting tube

27: mounting portion

28: mounting flange

29: second mounting tube
31: second main body part
31a: lower plate

315: inclined surface portion
32: third mounting tube

33: third lens

34: fourth lens

35: fifth lens

36: emission lens

37:. screen

38: second lens frame

39: third main body part
39a: upper plate

395: inclined surface portion
41: third lens frame

41a: tlange

50: projection device main body
51: operation switch

52: video cable port

53: external device cable port
54: power cable port

55: drive housing
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55A: top surface
55B: bottom surface

55C: first side surtace
55C1: first A side surface
55C2: first B side surface

55D: second side surtace
55D1: second A side surface
55D2: second B side surface
55E: third side surtace

55F: fourth side surface
60A: insertion hole

60B: mounting surface

63: light source module

64: light source

65: phosphor wheel

66: color filter wheel

67: mirror member

68: heat sink

69: light pipe

71: TIR prism

72: relay lens

73: condenser lens
74: DMD element

75: drive circuit
76: power cable

81: foot portion
82A: first intake port

82B: second intake port

83: exhaust port

84: first rotation direction

85: second rotation direction
86: third rotation direction
87: fourth rotation direction
88 A: first rotation mechanism
88B: second rotation mechanism
89: lens housing

90A: first lock switch

90B: second lock switch

91: retracting portion

92: intake fan

93: exhaust fan

94: recessed portion

95: protruding portion

96: central portion

What 1s claimed 1s:

1. A projection device comprising:

an electro-optical element;

a drive housing that stores the electro-optical element and

includes a central portion and a protruding portion
protruding from the central portion;

a recessed portion;

a projection lens that 1s disposed 1n the recessed portion,
projects light applied from the electro-optical element
onto a projection target, and includes a first rotation
mechanism;

a first lock unit that 1s provided on the projection lens and
switches a state of the first rotation mechanism between
rotatable and not rotatable; and

fans that are disposed 1n the drive housing and draw 1n or
discharge gas, wherein

the recessed portion and the protruding portion are adja-
cent to each other 1n a first direction,
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the projection lens 1s provided so as to extend to the
recessed portion from the drive housing 1n a second
direction crossing the first direction,

the central portion includes a first A side surface that 1s
provided 1n a first A direction corresponding to one side
in the first direction and a second A side surface that 1s
provided 1 a first B direction corresponding to the
other side 1n the first direction,

the protruding portion includes a first B side surface in the
first A direction and includes a second B side surface,
which faces the projection lens, 1n the first B direction,

the fans face the second A side surface and the second B
side surface, and

at least one of the fans, the projection lens and the second
B side surface overlap along an x axis, the x axis being
normal to the second B side surface.

2. The projection device according to claim 1, wherein

the projection lens includes a second rotation mechanism,
and

the projection lens includes a second lock unit that
switches a state of the second rotation mechanism
between rotatable and not rotatable.
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3. The projection device according to claim 1, wherein

the first lock unit and a second lock umit switch states of
the first rotation mechanism and the second rotation
mechanism between rotatable and not rotatable by
electric control, and

the first lock unit and the second lock unit are provided on
a surface of a portion of the projection lens positioned
between the first rotation mechanism and the second
rotation mechanism.

4. The projection device according to claim 1, further

comprising;

an operation switch that 1s provided on the drive housing
and 1s used to operate the projection device,

wherein the operation switch and the first lock unit are
disposed on a same surface side in the projection
device.

5. The projection device according to claim 4,

wherein the operation switch, the first lock unit and a
second lock unit are disposed on the same surface side
in the projection device.
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